The Drosophila neoplastic tumor suppressor Lethal giant larvae (Lgl) regulates apico-basal polarity in epithelia as well as the asymmetric segregation of cell fate in neural progenitors. Two new studies uncover a new facet of its regulation in epithelia, where Aurora-dependent phosphorylation triggers Lgl dissociation from the basolateral cortex to facilitate planar orientation of the mitotic spindle.
The Drosophila neoplastic tumor suppressor Lethal giant larvae (Lgl) regulates apico-basal polarity in epithelia as well as the asymmetric segregation of cell fate in neural progenitors. Two new studies uncover a new facet of its regulation in epithelia, where Aurora-dependent phosphorylation triggers Lgl dissociation from the basolateral cortex to facilitate planar orientation of the mitotic spindle.
Yu-ichiro Nakajima 1 and Matthew C. Gibson 1,2, * Epithelia are the fundamental building blocks of animal organ and appendage structures, and thus play prominent roles in both development and disease. In broad terms, epithelial architecture requires the localized assembly of adhesive junctions in concert with the apico-basal polarity of each cell. Considering the complexity associated with establishing and maintaining this degree of structural order, how do proliferating epithelial cells maintain polarity and tissue integrity while cyclically disassembling their interphase morphologies, rounding up, and dividing into co-equal daughters? One key hypothesis is that during division, the mitotic spindle is oriented to the plane of the epithelium in order to facilitate the conservation of cell junctions and the correct integration of post-mitotic cells into the monolayer. While both classic papers and more recent studies have implicated polarity determinants as cues for planar spindle orientation [1], precisely how epithelial polarity is modulated during mitosis in vivo remains poorly understood. Addressing this problem head-on, two reports in this issue of Current Biology reveal a novel mechanism for the mitotic regulation of the conserved polarity regulator Lethal giant larvae (Lgl) in Drosophila epithelia [2, 3] .
Lgl was the first reported tumor suppressor in Drosophila, named for mutant larvae that exhibit dramatic overgrowth and a corresponding disruption of tissue architecture in the imaginal discs and neuroblasts [4] . Similar phenotypes are observed in mutants of discs large (dlg) and scribble (scrib), and subsequent work has demonstrated that these three neoplastic tumor suppressor genes function in the same genetic pathway [5] . In epithelia, the protein products of lgl, dlg, and scrib co-localize at the basolateral membrane and work together as a protein complex that controls cell polarity (the Scrib complex) [5] . Consistent with its neoplastic phenotypes, Lgl is implicated in the regulation of apico-basal polarity in epithelia and asymmetric cell division in neuroblasts [6] . In the last decade, further studies have suggested a contribution of Scrib complex mutations to tumorigenesis by investigating Drosophila models and by exploring the association of mutations in human orthologs with cancer [7] . Lgl is a cytoskeletal protein that primarily localizes at the cell cortex and plasma membrane, but it is also found in the cytoplasm [6] . In epithelia, basolateral Lgl, Dlg and Scrib regulate cell polarity through mutually antagonistic interactions with the apical Par (Par3-Par6-aPKC) and Crumbs (Crumbs-PatJ-Stardust) complexes [8] . Similarly, during asymmetric cell division of neuroblasts, Lgl targets fate determinants to the basal cortex by mutually inhibiting the activity of the Par complex [9] . Thus, in two very different cellular contexts, the role of Lgl is to restrict the spatial localization and activity of polarity determinants along the cortex and membrane.
The subcellular localization of Lgl is controlled, in part, by aPKC-dependent phosphorylation at three conserved serine residues (S656, S660, and S664) ( Figure 1A ). Upon phosphorylation, Lgl dissociates from the cell cortex, leading to its cytoplasmic localization and inactivation [10] . In epithelia and asymmetrically dividing neuroblasts, Lgl is excluded from the apical cell cortex by aPKC-dependent phosphorylation, which is necessary to maintain epithelial polarity and direct fate determinants, respectively [10, 11] . Interestingly, during neuroblast cell division Lgl translocates from the cell cortex to the cytoplasm at prophase entry [12] . This event, termed Lgl cortical release, is triggered by the mitotic kinase Aurora A (AurA). At the onset of mitosis, AurA activates aPKC by directly phosphorylating Par-6, thus relieving aPKC from negative regulation by Par-6. The mitotically activated aPKC then phosphorylates Lgl and remodels the Par complex [12] . Combined, studies from neuroblast cell division indicate that protein localization is dynamically reorganized to coordinate cell polarity with mitosis. Until now, however, whether and how polarity determinants are remodeled during epithelial cell division has remained poorly understood.
Using genetic analysis and in vivo live-imaging, Carvalho et al. Figure 1C ). Looking forward, future studies should seek to define the biochemical links between the spindle and the Scrib complex and explore the possibility that similar events occur in other organismal systems. Intriguingly, AurA is highly expressed in human cancers [19] and regulates mitotic spindle orientation in mammary epithelial cells [20] . A deeper understanding of the modulation of cell polarity during epithelial cell division could thus provide broad new insights into both epithelial homeostasis and disease. How is it that the RAG expression in developing NK cells can affect the function of mature NK cells? Presumably this occurs through a RAG-dependent alteration in the genetic program in developing NK cells that persists in mature NK cells. Indeed, Karo et al. [2] find that the expression of several genes encoding proteins involved in the DDR, including DNA-PKcs (Prkdc), Ku80 (Xrcc5), Chk2 (Chek2) and Atm, in mature NK cells depends on prior RAG expression. Moreover, compared with mature NK cells from wild-type mice, those from RAG-deficient mice exhibit perturbations in the DDR, indicating that these gene expression changes have functional consequences. In agreement with this notion, the authors find that mature NK cells from DNA-PKcs-deficient mice have similar phenotypes to those from RAG-deficient mice. Thus, RAG expression in developing NK cells is required, at least in part, to promote a normal DDR in mature NK cells.
RAG1 and RAG2 have no known independent functions and together their only known activity is as an endonuclease. However, RAG2 has a plant homeodomain that binds broadly throughout the genome to
